The influence of cell cycle on antigen expression has previously been demonstrated for a variety of lymphocyte surface antigens including murine and human histocompatibility antigens (1-2) and tumor-associated antigens (3) . Other studies have shown that immunological reactions such as lysis of target cells by cytolytic T lymphocytes (CTL) are also related to the cell cycle status and growth of the target cells . For instance, L cells (4) and P815 mastocytoma cells (5) were reported to have an increased susceptibility to CTL-mediated lysis during the G1 phase, although the latter results are controversial (6) . In contrast, due to the difficulty of obtaining homogeneous populations of effector T cells, very few attempts have been made to correlate CTL function with the cell cycle phase . However, with the recent demonstration (7) that CTL clones can be derived and maintained in medium containing soluble growth factor(s) (usually referred to as T cell growth factor [TCGF] or interleukin 2), this question is now amenable to experimentation .
SEKALY ET AL . BRIEF DEFINITIVE REPORT
Hoechst 33342 (a gift from Dr H . Loewe, Hoechst AG, Frankfurt, Germany) . After a 90-min incubation period at 37°C, the cells were washed once and resuspended in cold DMEM for analysis and sorting. Flow Cytometry and Cell Sorting. DNA analysis and sorting of cells were performed using a Spectra-Physics argon ion laser (Spectra-Physics, Inc., Mountain View, Calif.) and conventional FAGS II system (B-D FAGS Systems, Mountain View, Calif.) modified to allow three-parameter sorting . The laser was adjusted to emit 50 mW at 351 and 363 nm . Fluorescence was detected without any intervening optical filters . For sorting, narrow angle forward light scatter was used to identify viable cells . G1, S, and G2 populations were selected on the basis of their fluorescence intensity . The fraction of random contaminants could be reduced by limiting the flow rate to 2,000 cells/s and applying a three-drop deflection criterion . The deflected cells were collected over a period of 30 min in 5-ml tubes coated with 0 .5 ml of FBS . Cell viability in all experiments was always >90% and the maximum contamination of sorted cells was <5% .
Target Cells. P815 mastocytoma cells were maintained in culture and labeled with Nat (51Cr) 04 as described previously (12) .
Assay for Cytolytic Activity. Cytolytic activity was measured in a short-term 51Cr release assay as described in detail elsewhere (13) . Briefly, varying numbers of effector cells were mixed in 0 .2 ml of assay medium in conical-bottomed microplates (C . A . Greiner and Sohne GmbH and Co ., K. G . Nurtingen, West Germany) with 3 X 103 51 Cr-labeled P815 mastocytoma target cells . Plates were centrifuged at 200 g for 3 min . After a 30-min incubation at 37°C, 20 ILI of EDTA was added to a final concentration of 10 mM in each microwell . This was followed by a further 90-min incubation at 37°C to allow 51 Cr release from damaged target cells . To terminate the assay, the plates were centrifuged at 500 g for 5 min and 150 ill of supernate was removed from each well and counted in a well-type scintillation counter . The percentage of specific 51 Cr release was calculated as described previously (12), where spontaneous release was determined in the absence of effector cells and maximal release was determined in the presence of 0.5 N HCI . Analysis of DNA Distribution . A semiquantitative method was used to estimate the relative number of cloned CTL in the different phases of the cell cycle . The G1 and G2 plus M phase populations were assumed to be normally distributed, and the mean fluorescence intensities were determined directly from the DNA distribution . Standard deviations were calculated by dividing the full width at half maximum of each peak by 2 .35 . The G1 population was defined as comprising the region of the DNA distribution within 2 SD above and below the mean fluorescence intensity of the G1 peak. The G2 plus M population was similarly ascribed to the region of the distribution within 2 SD of the G2 plus M peak . S-phase cells were defined as having fluorescence intensities distributed between the G1 and G2 plus M regions . and 2B (clone L3C5) indicate that unstained sorted CTL clones had high cytolytic activity as measured in a short-term 51Cr release assay . In fact, cells from clone 88/20 and clone L3C5 lysed 50% of 51 Cr-labeled P815 targets within 30 min at effector to target cell ratios of 0.3 :1 and 1:1, respectively. It should also be noted that the lytic activity of the cloned cells stained with Hoechst 33342 was not reduced when compared with the respective unstained populations ( Fig. 2A and 2B) . To test the possible cell cycle dependence of cytolytic function, 40 X 103 G1, S, or G2 cells were sorted from both clones and tested at several lymphocyte to target cell ratios . The data obtained for both 88/20 ( Fig. 2A) and L3C5 (Fig. 2B ) indicated that cytolytic activity remained unchanged throughout the different phases of the mitotic cycle . In interpreting these results, it is important to note that the addition of EDTA after 30 min prevents any de novo initiation of target cell lysis (13) be overcome by this technique (17) . On the other hand, sorting asynchronous cells according to their DNA content, as performed in the present study, is a direct method of obtaining cells at a given position in the mitotic cycle. Growth stimulation of quiescent cells has been shown to lead to profound changes in their metabolic state (17) . Therefore, we have studied the cytolytic activity of CTL clones 88/20 and L3C5 arrested in quiescent cultures or restimulated to growth upon addition of fresh medium and TCGF. In particular, CTL clone L3C5 was grown for 5 d, thus reaching a quiescent state that (as illustrated in Fig. 113 ) was characterized by a twofold increase in the relative number of cells in the G 1 phase of the cell cycle as compared with exponentially growing cultures (Fig. 1A) . Fig . 1B demonstrates the small number of cells (<5%) in the DNA synthetic phase, thus further confirming the quiescent state of these cultures . Flow cytofluorometric analysis of the DNA content of clone 88/20 after 5 d of culture was similar to that obtained for clone L3C5 (data not shown) . Each clone, growing exponentially (i.e., after 2 d) or arrested in plateau phase, was assayed for lytic activity on 5 'Cr-labeled P815 target cells . The results obtained from these experiments (Fig. 3A and B) demonstrate that the cytolytic activity of CTL from quiescent or exponentially growing cultures was identical. It is thus evident that lytic activity was not correlated to the growth phase of the two CTL clones tested.
Results and Discussion
Previous reports relating T cell-mediated cytolysis to the mitotic cycle have been difficult to interpret because drug treatment or physical separation methods were used for synchronization (4) (5) (6) . Such drugs may by themselves alter the susceptibility of target cells to CTL activity, whereas physical separation methods (as mentioned above) allow only partial synchronization of either effector or target cells . These difficulties have been overcome in the present study by using viable DNA staining and sorting of effector cells according to their position in the mitotic cycle. Furthermore, the use of CTL clones that represent highly cytotoxic and homogeneous populations excludes possible artefacts that might be due to modulation of immune function by contaminating subpopulations of T cells or other leukocytes . T cell clones with other distinct immunological functions have been recently developed in our laboratories . They will enable us to look at possible correlations between the mitotic cycle and immunological activities that can be measured in short-term assays .
Summary
We have investigated mitotic cell cycle and growth phase regulation of homogeneous cytolytic T lymphocytes (CTL) . Two independently derived CTL clones were stained with the DNA-binding dye Hoechst 33342, sorted in a fluorescence-activated cell sorter according to their position in the cell cycle, and then assayed for specific lytic activity using a short-term (30 min) "'Cr release assay . Results show that lytic activity remained unchanged throughout the cell cycle . Furthermore, there was no significant difference in the lytic activity of CTL clones growing exponentially or arrested in a plateau phase . These results demonstrate that T cell-mediated cytolysis is independent of growth phase and position in the cell cycle .
